A 2L system has 1 double--degenerate interlayer shear mode and 1 interlayer breathing mode, while a 3L system has 2 double-degenerate shear modes and 2 breathing modes. For each stacking, the space group and point group are indicated, which determine the symmetry of each phonon mode and its Raman/infrared activity. The interlayer shear and breathing modes have E and A symmetry, respectively. "R" and "I" indicate the Raman-active and infrared-active, respectively. In the experimental back-scattering geometry, phonon modes that can in principle be observed by our Raman measurements are highlighted in red color. (a), (b) 2H and 3R stacking configurations for 2L. (c-f) 2H and 3R stacking combinations for 3L. In (d), 2H-3R is equivalent to 3R-2H. In (e) and (f), 3R-3R-2 is very similar to 3R-3R-1, and 3R-3R-4 is to 3R-3R-3.
S1. Theory
Group theory analysis and first-principles calculations of Raman scattering of 2L and 3L MoSe 2 and 2L WSe 2 at various stacking patterns. For the interlayer vibrations in 2L TMDs, each tri-layer (e.g., composed of central Mo and two Se sub-layers) moves as a whole unit, while the adjacent tri-layers move in the opposite directions, as illustrated by the blue arrows in Figure S3a . Hence, the frequency of an interlayer phonon mode is determined by the interlayer vdW restoring force and the mass of the layer per unit surface area. The weak nature of vdW interactions renders the frequency typically below 50 cm -1 for TMDs 1 . Interlayer phonon modes that correspond to vibrations in the x or y directions are called in-plane shear modes (thus doubledegenerate), while those vibrating in the z direction are out-of-plane breathing modes (non-degenerate). In NL TMDs (N is the number of tri-layers), there are N−1 doubledegenerate interlayer shear modes and N−1 interlayer breathing modes 1 . Therefore, a 2L TMD has 1 double-degenerate interlayer shear mode and 1 interlayer breathing mode, while a 3L TMD has 2 double-degenerate shear modes and 2 breathing modes. The symmetries and Raman/infrared activities of these interlayer modes depend on the space and point groups of the stacking configurations, as detailed in Fig. S3 . According to the classical Placzek approximation 2, 3 , the Raman intensity of a phonon mode is proportional to |e i ·α·e s | 2 , where e i and e s are the electric polarization vectors of the incident and scattered light respectively, and α is the Raman tensor of the phonon mode. Only when |e i ·α·e s | 2 is not zero, can the phonon mode be Raman active. First-principles calculations were performed to obtain Raman tensors, α, for interlayer shear and breathing modes at different stacking patterns, as shown below. For the space group 164, which includes 2L TMDs with 2H stacking (Fig. S3a ), E g :
For space group 156, which includes 2L TMDs with 3R stacking and 3L TMDs with 2H-3R and 3R-3R-1 stacking configurations shown in Figs. S3b, d, e, E:
For space group 187, which includes 3L TMDs with 2H-2H and 3R-3R-3 stacking configurations presented in Figs 
The calculated Raman tensors shown above can also be qualitatively predicted by group theory analysis based on the symmetry (see "Bilbao Crystallographic Server") 4, 5 . However, obtaining the numerical values for the Raman tensor elements by ab initio calculations are crucial to the understanding of stacking-induced intensity changes in experimental LF Raman spectra of 2D TMDs.
For 2L MoSe 2 , from 2H to 3R stacking, the measured frequency of the interlayer shear mode slightly decreases while its intensity drops significantly, as discussed previously in Fig. 2b of the main text. The frequency decrease is probably due to the slight weakening of the interlayer coupling. However, the reason for the intensity drop is not immediately clear. According to Eqs. 1, 2, although the symmetry of the shear mode changes from E g to E, the form of its Raman tensor remains unchanged from 2H to 3R. But the magnitude of matrix element a in the Raman tensor is decreased from 0.234 to 0.141 (in the unit of Å ! . . ) due to the stacking change. In the parallel ( ) laser polarization configuration, the intensity, I, of the shear mode is proportional to a 2 . Therefore, the calculated intensity is decreased by a factor of 2.7, accounting for the measured intensity drop of the shear mode. Similarly for 2L WSe 2 , from 2H to 3R, the matrix element, a, is decreased from 0.156 to 0.077, confirming the measured intensity drop of the shear mode in Fig. 2f . However, the symmetry of the breathing mode changed from A 1g to A 1 and the matrix element b is increased from 0.146 to 0.255 (Eqs. 1, 2) leading to a large increase of the intensity by a factor of 3.1 since I ∝ b 2 for ( ) polarization configuration. This is consistent with the measured increase of the breathing mode intensity in 2L WSe 2 (Fig. 2f) . It is also interesting to note that the forms of the Raman tensors of LF breathing modes and HF out-of-plane Raman modes (A 1g , A 1 or A′ 1 ) dictate that they can only be observed under the ( ) polarization configuration and will be completely disappeared under the perpendicular ( ) configuration 1 . According to the Raman tensor analysis above, a remarkable stacking-induced change in 3L MoSe 2 is due to the change of the symmetries that can be described by the corresponding Raman tensors of two shear modes at ~ 13 and ~ 24 cm -1 (Eq. 2 and Eq. 3). For 2H-2H (Fig. S3c) or 3R-3R-3 ( Fig. S3f ) stacking configurations the shear mode near 13 cm -1 has symmetry E″ and its Raman tensor determines that it has zero Raman intensities under the experimental back-scattering geometry (Eq. 3); for 2H-3R stacking configurations ( Fig. S3d ) and 3R-3R-1 (Fig. S3e) , the shear mode near 13 cm -1 switches symmetry to E and its intensity becomes non-zero (Eq. 2). Thus, the shear mode around 13 cm -1 is an obvious fingerprint to differentiate the stacking patterns of 3L MoSe 2 , as shown in Fig. 4 and Fig. S9 . In addition, although 2H-3R (Fig. S3d ) and 3R-3R-1 (Fig. S3e) stacking configurations share the same symmetry group and same form of Raman tensors (Eq. 2), the magnitudes of matrix elements in Raman tensors are different. For the shear mode E near 13 cm -1 , the matrix element a is 0.195 for 2H-3R while it is 0.139 for 3R-3R-1; for the shear mode E near 24 cm -1 , the matrix element a is 0.077 for 2H-3R while it is only 0.002 for 3R-3R-1. Since I ∝ a 2 , the shear mode near 24 cm -1 of 3R-3R-1 has very small intensity and thus practically cannot be observed. Consequently, the higher-frequency shear mode around 24 cm -1 can also be used to further differentiate the stacking patterns 2H-3R and 3R-3R-1, as discussed in the main text (Figs. 4b and 4c; Figs. S9b and S9c). To understand how incident laser power effects the positions and linewidths of the low frequency modes in 2L MoSe 2 we measured LF Raman spectra in the wide range of the excitation laser powers from 8µW to 2mW for the sample on a SiO 2 /Si substrate (Exp. 2, Table S2 ). We found that the intensity of the shear mode increased linearly with the laser power and its peak position and the linewidth did not change in the range of laser powers from 8 µW to 1 mW ( Figure S4 ). This indicates that no substantial heating of the sample occurred at these laser powers. At laser power higher than 1 mW a sharp deviation from the linearity together with degradation of the sample at the irradiated point was observed.
However, in the case of 2L MoSe 2 crystals suspended on a TEM grid ( Figure S5 ) the damage threshold decreased ~ 3 times to 0.3 mW compared to the same 2D crystals on SiO 2 /Si substrates. Therefore, in this case the excitation laser power, used to acquire the LF Raman spectra, was reduced to 55 µW. The STEM images of the 2L MoSe 2 area damaged during spectra acquisition at 0.3 mW excitation laser power show interesting triangular shaped laser thinning from 2L to 1L patterns and also formation of triangular holes ( Figures. S6a, b) . The spectra measured at 0.3 mW show broadening and red shifts (~ 0.6 cm -1 for LF-and ~ 0.9 cm -1 for HF-modes, respectively), probably due to anharmonic shift and broadening upon laser heating (Figs. S6c, d ). 
S3. Polarized Raman measurements of 3L MoSe 2 with different stacking patterns.
The possibility of varying light polarization in Raman spectroscopy provides additional valuable information to assign the LF modes for 3L MoSe 2 . Figures S10a-c show an example of Raman spectra of LF and HF modes for 3L MoSe 2 in the case of 2H-2H, 3R-2H, and 3R-3R stacking patterns measured in ( ) and ( ) polarization configurations. As expected, the HF A′ 1 or A 1 modes disappear under the ( ) configuration. 1, 6 The intensities of the LF modes increased significantly for the 2H-2H and 3R-3R stacking patterns under the ( ) polarization configuration (Figs. S10a, S10c) and they remained essentially unchanged for the 3R-2H stacking (Fig. S10b) under both polarization configurations. The observed polarization changes in the LF and HF modes can be related either to their symmetries, as in the case of the HF modes, or to 2D crystal orientation relative to the polarization of the incident laser. To determine which of these two possibilities account for the LF mode measurements, we rotated the 3L 2D crystals relative to the fixed polarization of the incident light and measured Raman spectra in the ( ) and polarization configurations. Figures S10d, e show the angular dependence of the absolute intensities and their ratio, respectively for the 24.0 cm -1 LF mode for ( ) and ( ) polarization configurations in the case of the 2H-2H stacking. Strong dependence of the 24.0 cm -1 peak intensity on the rotation angle was observed in the ( ) polarization configuration, but in the ( ) configuration its intensity varied only slightly. For example, for the angle close to 60°, the measured intensity of this LF mode remains the same for both polarization configurations, however, for the ( ) configuration and 30° the intensity drops by a factor of 2 and even more (~18 times) for the 10° rotation. This allows us to attribute the observed difference in the intensities of the LF modes to different crystal orientations, which were selected randomly for the Raman measurements shown in Figs. S10a-c. From this we can conclude that the observed LF modes are interlayer shear modes, since the interlayer breathing modes have zero intensities and cannot be observed under the perpendicular ( ) polarization configuration like the HF A′ 1 or A 1 modes 1 . In addition, the observation of the strong dependence of the Raman intensities on the rotation angle for the ( ) polarization configuration may provide a simple way to measure crystal orientation of 2D sheets using micro-Raman spectroscopy. As discussed before for 2L MoSe 2 , its interlayer breathing modes are too weak and cannot be observed. Clearly for 3L MoSe 2 , the breathing modes are non-detectable as well, even under the parallel ( ) configuration. Table S4 . Summary of the peak intensity ratios of the LF shear mode to the out-of-plane HF mode, I LF (shear)/I HF (out-of-plane), measured for 2L MoSe 2 crystals synthesized in different experiments described in Methods section in the main text. The corresponding frequencies of these modes are listed in Table S2 . Raman measurements were conducted using parallel, [ ( ) ] polarization configuration. 
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